Objective: A polymorphism near the promoter region of the IGF-I gene has been associated with serum IGF-I levels, body height and birth weight. In this study, we investigated whether this polymorphism is associated with body composition in young healthy subjects in two cohorts of different generations. Design: Observational study with repeated measurements. Methods: The study group consisted of two comparable young Dutch cohorts with a generational difference of around 20 years. The older cohort consisted of 359 subjects born between 1961 and 1965. Measurements were performed from 13 until 36 years of age. The younger cohort consisted of 258 subjects born between 1981 and 1989. Measurements were performed from 8 until 14 years of age. Height, body mass index (BMI), fat mass, fat-free mass, waist and hip circumference were compared between wild-type carriers and variant type carriers of the IGF-I polymorphism. Results: In the younger cohort, body weight, BMI, fat mass and waist circumference were significantly higher in female variant carriers of the IGF-I polymorphism. A similar trend was observed in male variant carriers. In contrast, these differences were not observed in the older cohort. Irrespective of genotype, the younger cohort showed a significantly higher total fat mass, body weight and BMI compared with the older cohort. Conclusions: Because the differences between both genotypes were small, it seems likely that the genetic variability due to this IGF-I polymorphism impacts only slightly on body composition. Importantly, our study suggested that associations between this IGF-I promoter polymorphism and body composition possibly reflect a gene-environmental interaction of this polymorphism and that an environment that promotes obesity leads to a slightly more pronounced fat accumulation in variant carriers of this IGF-I polymorphism.
Introduction
Insulin-like growth factor (IGF)-I is a peptide that plays an important stimulatory role in skeletal growth, cell differentiation and metabolism. It is also known to influence body composition (1) .
Recently, a polymorphism in the promotor region of the IGF-I gene which is associated with IGF-I serum levels, birth weight and body height in adults has been identified (2, 3) . This polymorphism consists of a highly polymorphic microsatellite composed of variable cytosineadenosine (CA) repeats situated in the promotor region 1 kb upstream from the transcription site of IGF-I. The number of CA repeats ranges between 10 and 24, with the most common allele containing 19 CA repeats in the Caucasian population. There is a functional relationship between this polymorphism and circulating IGF-I levels. Carriers of the 192 bp allele (19 CA repeats) and/or 194 bp allele (20 CA repeats) of the IGF-I promoter have higher circulating IGF-I levels than non-carriers of these alleles (4) . More importantly, non-carriers of the 192 bp allele show an increased risk of type 2 diabetes and myocardial infarction (2) . Although these findings have not always been confirmed by others (5), these observations may lead to the conclusion that genetically determined low IGF-I levels might play a role in the pathogenesis of these diseases.
Unfavourable body composition, such as high body mass index (BMI) and raised waist-to-hip ratio (WHR), is also associated with an increased risk for the development of type 2 diabetes and cardiovascular disease. Earlier studies, though, did not show a relation between this IGF-I gene polymorphism and body composition in the elderly (2) .
As we know from recent epidemiological studies, the prevalence of overweight and obesity in adults and children is increasing worldwide, especially in the socalled Western countries (6, 7) . The prevalence of overweight and obesity in children has also increased in The Netherlands (8 -10) . This trend towards obesity seems to be primarily related to a changed lifestyle as a result of changed environmental and socio-economic factors and will undoubtedly lead to an increased morbidity and mortality at a younger age because of an expected sharp rise in the prevalence of type 2 diabetes mellitus and cardiovascular diseases (11) (12) (13) (14) (15) (16) . Besides environmental factors, genetic factors may also play a role. But apart from a few rare mutations leading to extreme obesity, no major genes have been found to be responsible for the increase in the prevalence of overweight or obesity.
In order to investigate the gene-environmental interaction, we examined the relationship between the polymorphism in the promoter region of the IGF-I gene and body composition in two comparable young Dutch cohorts from different birth cohorts with an age difference of approximately 15 -25 years.
Subjects and methods

Subjects
The study group consists of two comparable young Dutch cohorts with a generational difference of about 20 years. The first and older cohort is the Amsterdam Growth and Health Longitudinal Study (AGAHLS) cohort, an observational study with repeated measurements (17, 18) . Subjects were recruited from several schools in the city of Amsterdam. For the purpose of this study, only Caucasian and apparently healthy subjects were included. Measurements were performed at the mean ages of 12.9 (1st), 14.0 (2nd), 15.0 (3rd), 16 .0 (4th) and 36.0 years of age (Table 1 ). The years of birth varied from 1961 to 1965. From a total of 359 subjects (169 male and 190 female) we have complete data on IGF-I genotype and anthropometry of at least one of five time-points. The second and younger cohort is the Bone Study around Amsterdam in Kids (Bonestaak) cohort. In this study also, only Caucasian and apparently healthy subjects were included. The children were recruited from a number of primary and secondary schools in villages around Amsterdam. Measurements were performed at the mean ages of 10.7 (1st), 11.2 (2nd), 11.7 (3rd) and 12.6 (4th) years for the girls and at 11.7 (1st), 12.3 (2nd), 12.7 (3rd) and 13.6 (4th) years for the boys ( Table 2 ). The years of birth varied from 1981 to 1987 for the girls and 1983 to 1989 for the boys. From a total of 258 subjects (132 male and 126 female) we have complete data on IGF-I genotype and anthropometry of at least one of four time-points. Age distribution differed slightly between both cohorts but, as shown in Fig. 1 , the overlap was considerable. Both cohorts were recruited in socioeconomically comparable areas and schools.
At each visit, height, weight and skin fold thickness were measured. Hip circumference and waist circumference were measured at each visit in the Bonestaak cohort, but only at 36 years of age in the AGAHLS cohort. In the AGAHLS cohort, yearly X-rays of the left hand were performed as a measure of bone age development. In the Bonestaak cohort, an X-ray of the left hand was performed at the first visit, and pubertal development (Tanner stages) was measured at each visit. Blood samples were collected for DNA analyses from all participants.
The study protocols were approved by the Committee of Ethics on Human Research of the VU University Medical Centre. All subjects and at least one of their parents gave their written informed consent.
Anthropometric measurements
Standing height and body weight were measured using a stadiometer and a calibrated scale respectively whilst wearing only underwear. BMI was calculated as body weight divided by body height squared. Waist (at umbilicus height) and hip circumference were measured using a flexible steel tape to the nearest 0.1 cm. Body fat distribution was assessed by the WHR. Fat mass was estimated from four skin folds (biceps, triceps, subscapular and supra iliacal) using the equation of Durnin and Womersley (19, 20) . These four skin folds were measured according to standard procedures (21) . Fat-free mass was calculated by subtracting the fat mass from the body weight.
As interindividual variations in skin fold measurements in both cohorts were not measured, it is not possible to give exact data on the comparability of the skin fold measurements between both cohorts. Interaction analysis was performed to determine differences in the relation between fat mass and height, weight and BMI in both cohorts. These analyses showed significant differences which might indicate measurement variations between the two cohorts, but could also be contributed to by differences in body composition between the two cohorts. Within both cohorts, skin fold measurements were performed by the same investigators. Because differences between genotypes were analyzed within (and not between) both cohorts in this study, possible measurement variations between both cohorts could not influence the associations within both cohorts.
In the Bonestaak cohort, pubertal stage was recorded by visual assessment by a trained observer, using breast stages according to Tanner (B1-5) in girls or genital stages (G1-5) in boys.
Plain radiographs of the left hand and wrist in the AGAHLS cohort were made using a double wrapped Osray T-4 (Agfa-Gevaert, Mortsel, Belgium) film, with an exposure time varying from 0.3 to 0.5 s. Skeletal ages according to the Tanner -Whitehouse method were evaluated by one well-trained examiner.
To test for possible differences in sexual maturation between both cohorts, we compared differences in calendar age and bone age for subjects in both cohorts with overlapping ages. No statistical difference was found. For the Bonestaak cohort mean (calendar agebone age)^1 S.D. ¼ 0.18^1.1 and for the AGAHLS cohort mean (calendar age-bone age) ¼ 0.18^0.90 (P ¼ 0.98). This finding was in accordance with our national survey on pubertal development between 1965 and 1997, which showed that the timing of the occurrence of the various stages of pubertal development had stabilized between 1980 and 1997. This despite the general trend of increasing overweight and obesity in the same population (22) .
Genetic analyses
Genotypes of the IGF-I polymorphism were determined as described earlier (2) . In brief, DNA was isolated using In earlier studies, carriers of the most frequent 192 bp allele were defined as carriers, whereas all other variants were defined as non-carriers. Recent data have shown that subjects who were homozygous for the 194 bp allele had IGF-I blood levels comparable with those who were homozygous for the 192 bp allele (4). IGF-I levels were significantly lower in homozygous carriers of alleles with more than 194 bp or less than 192 bp in the IGF-I promoter region. Therefore, in contrast to earlier studies, in this study it was assumed that all subjects who were homozygous for 192 bp or 194 bp or were carrier of both the 192 bp allele and the 194 bp allele can be regarded as the wild-type group. Subsequently, all subjects who were carriers of at least one variant allele (either more than 194 bp or less than 192 bp) are grouped as variant carriers. This more physiological classification was also used in two other recent studies (23, 24) .
Statistical analyses
Data were analysed using SPSS for Windows, release 10.1 (SPSS, Chicago, IL, USA). Results are reported as means^S.E. Differences between genotypes were analysed using multiple regression analysis for boys and girls separately. Genotype was set as an independent variable, whereas height, weight, BMI, fat mass, fatfree mass, waist circumference and hip circumference were used as dependent variables. Adjustments for age, pubertal stage, bone age and weight were made, if appropriate, by putting these variables into different regression models. To investigate the influence of missing values on the statistics, analysis was performed on the complete dataset and on a truncated dataset of subjects without missing data.
In addition, longitudinal analyses were performed for the differences in IGF-I genotype, using linear generalized estimating equations (GEE) (25) . GEEs take into account that the observations within each subject are correlated. By comparing analyses on different datasets it has been shown previously that GEE analyses behave very well in datasets with missing data when the outcome is a continuous variable (26) . GEE analyses were performed with the Statistical Package for Interactive Data Analyses (27) . As a result, regression coefficients which reflect the linear relationships between the predictor variable (i.e. genotype) and the outcome variables throughout the longitudinal period were estimated.
A statistical trend was defined as a P value # 0.1. Statistical significance was set at P # 0.05.
Results
The overall difference in body composition between both cohorts, irrespective of genotype, was studied using regression analyses for the difference in fat mass, body weight and BMI. Results showed significantly higher fat mass, body weight and BMI in the younger cohort after adjustment for age and height where appropriate (P , 0.001). Tables 1 and 2 show, separately for the older cohort (Table 1 ) and the younger cohort (Table 2) , baseline characteristics and anthropometric parameters in wild-type and variant carriers of the IGF-I polymorphism at the different measurement time-points in boys and girls.
Older cohort
In the older cohort (AGAHLS), out of a total of 359 genotypings, we identified 106 (29.5%) variant carriers of the IGF-I polymorphism (50 males and 56 females) ( Table 1 ). The distribution of genotypes was in Hardy -Weinberg equilibrium (P ¼ 0.27). Figure 2 shows graphically the differences in body composition estimates between genotypes at different time-points.
In males, we found greater body height in wild-type carriers at the age of 15 and 16 years (P , 0.05). At final height, these differences in height were no longer statistically significant. In females, no statistically significant differences in height were found between genotypes. No significant differences were found between the genotypes in both males and females for weight, BMI, fat mass and fat-free mass for nearly all measurements. Only in males at the age of 14 years was a significantly higher fat mass found in variant carriers of the IGF-I polymorphism (P ¼ 0.04).
Waist circumference, hip circumference and calculated WHR were measured only at 36 years of age. No differences were found between genotypes at that age.
Using longitudinal analysis for all measurements, male wild-type carriers were 2 cm taller on average than variant carriers (P ¼ 0.047). No differences were found between both genotypes for the other parameters in males as well as for all parameters in females (data not shown).
Younger cohort
In the younger cohort (Bonestaak) out of a total of 258 genotypes (of participants) we identified 70 (27.1%) variant carriers of the IGF-I polymorphism (34 males and 36 females) ( Table 2 ). The distribution of genotypes was in Hardy -Weinberg equilibrium in this group also (P ¼ 0.15). Fig. 2 shows graphically the differences in body composition estimates between genotypes at different time-points.
In males, body height tended to be higher in variant carriers of the IGF-I polymorphism at the age of 13 years (P ¼ 0.096). Differences in height between genotypes were not significant at other ages. No differences in height were found in females. Using longitudinal analysis for all measurements, male variant carriers were on average 4.8 cm taller than wild-type carriers (P ¼ 0.013) after adjustment for age and pubertal stage. For females also, in longitudinal analysis no difference in height was found between genotypes.
In females, body weight tended to be or was significantly higher in variant carriers at all ages. In males, weight only tended to be higher in variant carriers at 14 years. Longitudinal analysis for weight at all timepoints showed higher body weight in male variant carriers (b ¼ 5.06 kg, P ¼ 0.026) and female variant carriers (b ¼ 2.1 kg, P ¼ 0.07) after adjustment for age and pubertal stage.
In addition, BMI tended to be or was significantly higher in female variant carriers at all ages. The same pattern was seen in males, but differences were not significant at any time-point. In longitudinal analyses, however, BMI tended to be higher in male variant (Right) Body composition parameters in the younger (Bonestaak) cohort (mean age 11.7, 12.2, 12.7, 13.7 years in boys and 10.7, 11.2, 11.7, 12.6 years in girls). Wild-type in boys (open bars), variant carrier in boys (solid bars), wild-type in girls (lightly shaded bars) and variant carrier in girls (darker shaded bars). Calculated differences are adjusted for bone age (AGAHLS cohort), pubertal stage (Bonestaak cohort) and age (and height in the case of weight, fat mass and fatfree mass) using regression analyses. *P , 0.1, **P , 0.05 between the wild-type and variant genotypes. Data are expressed as means^S.E.
Old cohort (AGAHLS)
Young cohort (Bonestaak) , P ¼ 0.07) and was significantly higher in female variant carriers (b ¼ 0.77 kg/m 2 , P ¼ 0.04). Fat mass also tended to be or was significantly higher in female variant carriers at all ages. In longitudinal analysis this difference was also statistically significant (b ¼ 1.31 kg, P ¼ 0.02). In males, this was not seen at the different time-points, but in longitudinal analyses a trend was seen towards higher fat mass in male variant carriers as well (b ¼ 1.84 kg, P ¼ 0.09). Fat-free mass did not show any differences between genotypes in males and females.
Waist circumference was significantly higher in female variant carriers at the first (P ¼ 0.024) and the third (P ¼ 0.045) measurements (mean age 10.7 and 11.7 years). At the fourth measurement (mean age 12.6 years) waist circumference tended to be higher in variant carriers (P ¼ 0.078). In males, waist circumference tended to be higher in variant carriers at the third measurement (P ¼ 0.08) and was significantly higher at the fourth measurement (P ¼ 0.04). In longitudinal analysis, waist circumference was significantly higher in female variant carriers (b ¼ 2.0 cm, P ¼ 0.029) and tended to be higher in male variant carriers (b ¼ 1.54 cm, P ¼ 0.077).
Hip circumference tended to be higher in male variant carriers at the first measurement (P ¼ 0.065) and in female variant carriers at the second measurement (P ¼ 0.067). In longitudinal analysis, a tendency towards greater hip circumference was only found in female variant carriers (b ¼ 1.6 cm, P ¼ 0.051).
No differences in WHR were found between genotypes at any time-point or in longitudinal analysis.
Analyses of the truncated dataset, including only subjects who had complete data (n ¼ 230) on all measurements, showed weaker results but the same trends were found (data not shown). That the results were less strong was to be expected because of loss of data and thus loss of statistical power.
Discussion
In this population-based cohort study, the associations between a polymorphism in the promoter region of the IGF-I gene and parameters of body composition and height were investigated in two young different birth cohorts of comparable origin and age. An important difference between the cohorts was a generational difference of about 20 years.
In the young Bonestaak cohort, body weight, BMI, fat mass, waist circumference and hip circumference were higher in female variant carriers of the IGF-I polymorphism. In boys, a similar trend towards higher weight, BMI, fat mass and waist circumference was also found in carriers of the variant IGF-I genotype. It seems unlikely that these differences between the genotypes are significant by chance because all the parameters tested (BMI, weight, fat mass, waist and hip circumference) represent more or less the same properties. The differences that were found all point in the same direction in the whole cohort, at all timepoints for both sexes. If significance was only reached by the number of tests performed, this would not be the case. These findings were also confirmed by longitudinal analyses.
The differences in body composition between genotypes were not observed in the older AGAHLS cohort. Differences in cohort size did not appear to be the explanation since the group size of the AGAHLS cohort was larger than the younger cohort. The only clear difference between genotypes in this cohort was found in male wild-type carriers of the IGF-I polymorphism who had higher standing height than variant carriers, which is in accordance with earlier findings in adults (2) . This was in contrast to male wild-type carriers in the young Bonestaak cohort who were shorter than variant carriers. In addition, variant carriers in this cohort had a higher weight, which is not found in the old cohort. It is known that an increase in fat mass or BMI in childhood is associated with an increased height gain (28) . Therefore, the finding of contrasting relationships between body height and genotype in the two separate cohorts can possibly be explained by the observation that in the younger cohort fat mass was higher in variant carriers of the IGF-I polymorphism, which may specifically diminish the influence of the polymorphism on growth.
As both groups were comparable with regard to socio-economic, geographic and genetic background, some other environmental factor might be responsible for the difference in body composition between the IGF-I genotypes in both study cohorts. As it is known from recent epidemiological studies that the prevalence of overweight and obesity in adults and children is increasing worldwide, especially in the so-called Western countries (6, 7), we studied the overall difference in body composition between both cohorts. Regression analyses of the difference in fat mass, body weight and BMI between both cohorts showed significantly higher fat mass, body weight and BMI in the younger cohort after adjustment for age and height where appropriate. Therefore it could be argued that, in contrast to the older cohort, the presence of an association between IGF-I genotype and body composition in the younger, and fatter cohort reflects a possible gene-environmental interaction of this polymorphism. Possibly an environment that promotes obesity leads to a more pronounced fat accumulation in variant carriers of this IGF-I polymorphism.
As is known from earlier studies, carriers of the variant IGF-I promoter have lower IGF-I levels than wildtype carriers (4) . Although the beneficial effects of growth hormone on lean body mass and body fat are quite well known, conflicting results on the direct influence of IGF-I on body composition have been reported (29 -35) . Although IGF-I has no direct effects on adipocytes because of the lack of functional receptors in adipose tissue, it is known to enhance lipolysis by reducing insulin levels and thus releasing the brakes on lipolysis which, on theoretical grounds, could lead to less fat accumulation in wild-type carriers of this IGF-I polymorphism (36 -40) . Earlier studies on the same IGF-I polymorphism in elderly subjects did not show any differences in BMI and WHR between both genotypes (2, 41, 42) . These studies differed from our study in the slightly different way in that wild-type carrying and non-carrying of the IGF-I polymorphism were defined, as well as the age of the study groups. Subjects in other studies were all between 55 and 75 years of age, a cohort from an even older generation than our AGAHLS cohort, and who certainly did not live in an environment that promotes obesity like today's children. Since Vaessen et al. (2) found an increased risk for type 2 diabetes and myocardial infarction in non-carriers of the 192 bp allele in these old cohorts, one could speculate that there is an increased risk of an earlier development of type 2 diabetes and cardiovascular disease for young individuals living in the present overweight-promoting environment and who are carriers of this polymorphism.
In conclusion, we found that carrying a genetic polymorphism in the promoter region of the IGF-I gene is associated with higher body weight, BMI, fat mass and waist circumference in young subjects. Because the differences found between both genotypes were small, it seems likely that the genetic variability due to this IGF-I polymorphism impacts only slightly on body composition in this cohort. These associations were not found in comparable young, but generally leaner, subjects of an older generation. We hypothesize that these differences possibly reflect a gene -environmental interaction of this polymorphism and that an environment that promotes obesity leads to a more pronounced fat accumulation in carriers of this IGF-I polymorphism. To test this hypothesis, future studies are needed in even younger or more obese cohorts.
